Anxiety is integrated in the amygdaloid nuclei and involves the interplay of the amygdala and various other areas of the brain. Neuropeptides play a critical role in regulating this process. Neuropeptide Y (NPY), a 36 aa peptide, is highly expressed in the amygdala. It exerts potent anxiolytic effects through cognate postsynaptic Y1 receptors, but augments anxiety through presynaptic Y2 receptors. To identify the precise anatomical site(s) of Y2-mediated anxiogenic action, we investigated the effect of site-specific deletion of the Y2 gene in amygdaloid nuclei on anxiety and depression-related behaviors in mice. Ablating the Y2 gene in the basolateral and central amygdala resulted in an anxiolytic phenotype, whereas deletion in the medial amygdala or in the bed nucleus of the stria terminalis had no obvious effect on emotion-related behavior. Deleting the Y2 receptor gene in the central amygdala, but not in any other amygdaloid nucleus, resulted in an added antidepressant-like effect. It was associated with a reduction of presumably presynaptic Y2 receptors in the stria terminalis/bed nucleus of the stria terminalis, the nucleus accumbens, and the locus ceruleus. Our results are evidence of the highly site-specific nature of the Y2-mediated function of NPY in the modulation of anxiety-and depression-related behavior. The activity of NPY is likely mediated by the presynaptic inhibition of GABA and/or NPY release from interneurons and/or efferent projection neurons of the basolateral and central amygdala.
Introduction
Anxiety and depression are among the most prevalent disorders of the nervous system and impose a high social burden in industrialized countries (Kessler et al., 2005) . The mechanisms in the brain that regulate mood and mood malfunction are still poorly understood. Classic neurotransmitters, such as GABA, serotonin, and noradrenaline, have been implicated in the integration of anxiety or depression (Millan, 2003) . Drugs that interfere with these transmitter systems, such as the benzodiazepines and amine reuptake inhibitors, are among the most widely prescribed medications. The limited efficacy and serious side effects of these drugs, however, underscore the need for a better understanding of the mechanisms of action of current medications and the neural circuits that are involved in regulating mood and mood dysfunctions, as well as better approaches to the treatment of mood disorders.
In recent years, a prominent role of various neuropeptides in integrating emotions emerged. Thus converging evidence indicates that neuropeptide Y (NPY), a highly conserved 36 aa peptide, exerts potent anxiolytic effects when injected into the amygdala of mice . NPY knock-out (KO) mice exhibit a more anxious phenotype (Bannon et al., 2000) , whereas intracerebral injection of the Y1 receptor agonist [Leu 31 , Pro 34 ] NPY results in less anxious behavior (Broqua et al., 1995) . Partial deletion of Y1 receptors by Y1 antisense oligonucleotide increases anxiety (Wahlestedt et al., 1993) , which suggests that the anxiolytic action of NPY is mediated by Y1 receptors. In contrast, Y2 receptors appear to mediate anxiogenic actions of NPY (Nakajima et al., 1998) . Intracerebroventricular injection of the Y2-selective antagonist BIIE0246 (Bacchi et al., 2006) , or genetic deletion of Y2 receptors (Tschenett et al., 2003) , results in anxiolytic and antidepressant-like effects. These divergent effects of NPY mediated by Y1 and Y2 receptors can be explained by different receptor localization and function at synapses. Y1 receptors are postsynaptic receptors (Sosulina et al., 2008) , whereas Y2 receptors are primarily presynaptic and are involved in the inhibition of NPY, GABA, or glutamate release.
Whereas an important role for amygdaloid nuclei in the NPYmediated modulation of emotional states is well supported, the precise anatomical sites of NPY action within the amygdala complex are not known. To investigate the location of NPY action, conditional Y2 receptor knock-out (Y2 lox/lox ) mice were administered bilateral stereotaxic injections of a recombinant adeno-associated virus-based vector (rAAV), encoding a green fluorescent protein (GFP) fusion protein of Cre-recombinase (Cre), into different amygdaloid nuclei. Expression of Cre resulted in deletion of the Y2 receptor gene through flanking LoxP sites. We investigated behavioral patterns of anxiety and stress coping in mice that received rAAV-Cre as compared to littermates that were injected at the same sites with a rAAV vector expressing GFP alone (rAAV-GFP). Our data indicate that Y2 receptor gene deletion in the central amygdala (CEA) or basolateral amygdala (BLA), but not in other sites of the amygdaloid complex, results in a profound reduction of anxiety and is associated with a loss of Y2 receptors at terminal areas of efferent projections of the CEA.
Materials and Methods

Conditional Y2 receptor knock-out mice
Experiments were conducted in adult male (10 -16 weeks of age, 25-30 g) conditional Y2 receptor knock-out (Y2 lox/lox ) mice, which were maintained on a mixed C57BL/6 -129SvJ background (Sainsbury et al., 2002) . Mice were housed in groups of three to five under standard laboratory conditions (12 h/12 h light/dark cycle starting at 7:00 A.M.; food and water ad libitum). After stereotaxic injection, mice were singly housed to assure optimal recovery from surgery. All procedures involving animals and animal care were conducted in accordance with international laws and policies (Guide for the Care and Use of Laboratory Animals, U.S. National Research Council, 1996; EEC Council Directive 86/609, OJ L 358, 1, December 12, 1987) and were approved by the Austrian Ministry of Science. All effort was taken to minimize the number of animals used and their suffering.
rAAV vectors
For rAAV-mediated expression of Cre-GFP, or GFP alone as a control, rAAV serotype 2-based vectors pseudotyped with rAAV serotype 1 capsid proteins (rAAV-2/1) were prepared by a two plasmid cotransfection procedure using HEK293 cells (Grimm et al., 2003) . The rAAV-Cre vector was kindly supplied by Dr. Fred H. Gage (University of California, San Diego, La Jolla, CA) (Kaspar et al., 2002) . The rAAV vector backbone was flanked by rAAV serotype 2 ITRs and encoded either Cre-GFP or GFP alone under the control of the human cytomegalovirus early enhancer/promoter. The helper plasmid pDP1rs (Grimm et al., 2003) carried the rAAV-2 rep gene and the rAAV-1 cap gene together with essential adenoviral helper functions. Harvest and purification of rAAVs was performed by deoxycholate lysis, iodixanol density gradient centrifugation, and ion-exchange chromatography, as previously described (Zolotukhin et al., 2002) . Purified vectors were stored in aliquots at Ϫ80°C. Physical rAAV titers were determined by quantitative real-time PCR analysis of the recombinant genome. Final titers were 6 ϫ 10 10 genomic particles (GP)/ml and 3 ϫ 10 10 GP/ml for rAAV 2/1-GFP/Cre and rAAV 2/1-GFP, respectively.
Stereotaxic microinjection of adeno-associated virus vectors
Equal numbers of mice from the same litter were injected with either rAAV-Cre (6 ϫ 10 7 GP/l) or rAAV-GFP (3 ϫ 10 7 GP/l) using a stereotaxic frame (Model 900, David Kopf Instruments) with blunt ear bars. Coordinates according to Paxinos and Franklin (2001) were as follows (in mm, from bregma): BLA: A (rostrocaudal), Ϫ1.1; L (mediolateral), Ϯ3.2; V (dorsoventral), Ϫ5.1; CEA: A, Ϫ1.0; L, Ϯ2.8; V, Ϫ4.9; medial amygdala (MEA): A, Ϫ1.4; L, Ϯ2.6; V, Ϫ5.4; and bed nucleus of the stria terminalis (BNST): A, 0.0; L, Ϯ1.0; V, Ϫ4.6. Anesthesia was initiated by injection of ketamine (180 mg/kg, i.p.; Gräub) and maintained throughout the entire procedure by Sevorane inhalation. Injection cannulas prepared from a stainless steel tube (guide cannula gauge 23, injection cannula gauge 30, Coopers Needle Works) were inserted through small holes drilled into the skull on both sides. The cannulas were connected by polyethylene microtubes (0.28 ϫ 0.61 mm, NeoLab) to 10 l gastight Hamilton syringes. rAAV vectors were infused bilaterally using micropumps (50 nl/min; Quintessential Stereotaxic Injector, Stoelting). At the end of the infusion, cannulas were kept on site for 5 min and then slowly withdrawn (0.5 mm/2 min). After closing the wound, mice were singly housed for optimal recovery.
Behavioral tests
Behavioral testing was initiated 4 weeks after surgery. All animals were allowed to habituate to the test room for at least 24 h. Tests were conducted between 8:00 A.M. and 12:00 P.M., and repeated at least once with another set of mice. Test settings were validated pharmacologically with wild-type mice responding to anxiolytic or antidepressant drug treatments in the respective tests. Following a suggestion by Crawley and Paylor (1997) , tests were performed in the following sequence: elevated plus maze, open field test, and then light/dark test. The tail suspension test was performed in the subsequent week. Intervals between tests were at least 2 d.
Elevated plus maze. This is a widely accepted test for anxiety-like behavior and was performed using a platform (74 cm above the floor) with two opposing open arms (30 ϫ 5 cm) and two opposing closed arms (30 ϫ 5 ϫ 14 cm), a video camera, and an automatic monitoring unit, as described previously (Lister, 1987; Tschenett et al., 2003) . Illumination was 80 lux at the end of the open arms. Mice were placed individually on the center platform (5 ϫ 5 cm) facing an open arm. Arm entries were defined when the mouse placed all four paws into that arm. Individual trials lasted 5 min and were analyzed using a VideoMot2 system (all TSE Systems).
Open field test. The open field test was performed to measure overall motor activity, and was performed as described previously (Hall, 1934; Tschenett et al., 2003; Tasan et al., 2009 ). The setup consisted of four individual gray plastic boxes (50 ϫ 50 ϫ 30 cm) illuminated with 150 lux at ground level. Boxes were arranged in a square and four mice were tested simultaneously in randomized order. Mice were placed individually into the center of a box. Their behavior was tracked for 10 min and analyzed using the VideoMot2 system.
Light/dark test. This test was used to evaluate anxiety-like behavior. It was performed as previously described (Crawley and Goodwin, 1980; Tasan et al., 2009) , using a plastic box consisting of a dark (1 lux) and a bright (400 lux) compartment that occupied approximately one-third (16 ϫ 50 cm) and two-thirds (34 ϫ 50 cm) of the testing area, respectively, connected by a central opening (7 ϫ 7 cm) at the floor level. Mice were placed individually into the dark compartment not facing the central opening. The behavior of each mouse was tracked for 10 min and analyzed by VideoMot2 system.
Tail suspension test. This test was performed to assess depression-like behavior, as described previously (Steru et al., 1985; Tasan et al., 2009) . Using adhesive tape, mice were suspended by their tail to a bar in a box (28 ϫ 28 ϫ 40 cm) open to a camera at the front. The 6 min recording period was divided into 1 min bins, and the time spent immobile was determined by two independent observers using a stopwatch. Immobility was defined as the absence of limb movement.
Novelty-suppressed feeding. The novelty-suppressed feeding test is a behavioral paradigm that is sensitive to chronic but not acute antidepressant treatment (Bodnoff et al., 1989) . The test was performed as described previously (Wang et al., 2008) . The testing apparatus consisted of a gray plastic box (50 ϫ 50 ϫ 30 cm) illuminated with 800 lux at ground level. Mice were food deprived for 24 h. On the testing day, a food pellet was placed on a white paper (15 cm diameter) and positioned in the center of the arena. Mice were put individually into a corner of the testing arena, and a stopwatch was started immediately. The measure of interest (start of feeding) was scored when the mouse grabbed the pellet and started chewing (maximum time: 5 min). Immediately afterward, the mouse was put into the home cage and the amount of food consumed during the subsequent 5 min period was determined (home-cage food consumption). The loss of weight between food deprivation and testing was determined for each mouse.
Histochemistry
After the last behavioral test, mice were killed. Brains were either perfused with 4% paraformaldehyde (PFA) for immunohistochemistry or snap frozen (isopentane, Ϫ70°C, 3 min) for subsequent in situ hybridization and receptor autoradiography. The position of the needle tract was identified by Nissl staining and GFP autofluorescence.
In situ hybridization. In situ hybridization was performed as described previously in detail (Furtinger et al., 2001 ). The following customsynthesized (Microsynth, purified by HPLC) oligonucleotides were used as probes: NPY mRNA, 5Ј-GAG GGT CAG TCC ACA CAG CCC CAT TCG CTT GTT ACC TAG CAT-3Ј; Y2 mRNA, 5Ј-GAC AGT CAT TGC TCT GGA CCG CCA TCG TTG CAT TGT CTA CCA CCT GGA GAG C-3Ј and 5Ј-CGG AGG CTA CCA ATG TGT AAG GAC ACA GGT GTG AAA GCA CAT GG-3Ј; Cre-recombinase mRNA, 5Ј-CCG TCT CTG GTG TAG CTG ATG ATC CGA ATA ACT ACC TGT TTT GCC-3Ј; GFP mRNA, 5Ј-CAT GGC CGA CAA GCA GAA GAA CGG CAT CAA GGT GAA CTT CAA GAT-3Ј; GABA B receptor mRNA, 5Ј-GAT GTA TGT GGT CTT CTC TGG TGT GTC TTG TAG CTG CAT GGT GAC TTC TTC C-3Ј; GABA A receptor ␣2 subunit mRNA, 5Ј-CAT CGG GAG CAA CCT GAA CGG AGT CAG AAG CAT TGT AAG TCC-3Ј. Oligonucleotides (2.5 pmol) were 3Ј endlabeled using [
35 S]␣-dATP (50 Ci; 1300 Ci/ mmol, Hartmann Analytic) and terminal transferase (Roche Diagnostics), as described previously in detail (Furtinger et al., 2001 ). Hybridization was performed in 50% formamide, 4ϫ SSC (1ϫ SSC is 150 mM NaCl, 15 mM sodium citrate, pH 7.2), 500 g/ml salmon sperm DNA, 250 g/ml yeast tRNA, 1ϫ Denhardt's solution (0.02% Ficoll, 0.02% polyvinylpyrrolidone, and 0.02% bovine serum albumin), 10% dextran sulfate, and 20 mM dithiothreitol (all from Sigma) at 42°C for 18 h. The slides were stringently washed (50% formamide in 1ϫ SSC, 42°C), and then briefly rinsed in water, followed by 70% ethanol, and dried. Slides were exposed to BioMax MR films (GE Healthcare) together with [ 14 C]-microscales for 7-14 d. For evaluation of the hybridization signal at the cellular level, some slides were dipped in Kodak NTB-2 photosensitive emulsion (Kodak; diluted 1:1 with distilled water) at 42°C, air dried overnight, and then exposed for 4 -6 weeks at 4°C. The BioMax MR films and the dipped slides were developed with Kodak D19 developer. Sections were counterstained with cresyl violet, dehydrated, cleared in butyl acetate, and covered with a coverslip using Eukitt (Merck).
Y2 receptor autoradiography. C-terminally truncated human peptide YY (hPYY 3-36 ) was radiolabeled with Na 125 I (2200 Ci/mmol; PerkinElmer), as described previously (Dumont et al., 1993; Furtinger et al., 2001) , and then purified by HPLC using a LiChrospher 100RP-8 reversed-phase column (5 m, 250 ϫ 4 mm, Merck). Peptide was eluted with 0.1% trifluoroacetic acid and increasing concentrations of acetonitrile (Merck). Receptor autoradiography was performed as described previously in detail (Furtinger et al., 2001) . In brief, slides were thawed and then preincubated in freshly prepared modified Krebs-Henseleit buffer (KHB; 118 mM NaCl, 4.8 mM KCl, 1.3 mM MgSO 4 , 1.2 mM CaCl 2 , 1.2 mM KH 2 PO 4 , 15 mM NaHCO 3 , 10 mM Tris, 50 mM glucose, pH 7.3) at room temperature for 60 min. Sections were incubated in Hellendahl jars containing 50 ml of KHB supplemented with 0.1% bovine serum albumin, 0.05% bacitracin, and 25 pM [
125 I]hPYY 3-36 /100 l for 120 min at room temperature. The sections were washed four times for 1 min in KHB at 0°C (200 ml), dipped five times in 0°C deionized water, and then rapidly dried under a stream of cold air. Slides were exposed together Quantitative evaluation. Quantitative evaluation of in situ hybridization and receptor autoradiography was done using digitized images of autoradiograms (8 bit digitized picture, 256 gray values). Gray values were measured by the public domain program ImageJ 1.38ϫ (NIH; 255 ϭ white; 0 ϭ black) and converted to relative optical density (ROD). ROD values were converted to nanocuries per milligram using standard curves obtained from images of [ 14 C]-microscales exposed to the same type of film, and then converted to a percentage of control.
Immunohistochemistry. Mice were anesthetized with a lethal dose of thiopental (150 mg/kg, i.p.) and the brains were perfused through the ascending aorta with PBS, pH 7.4 at room temperature (2 min), followed by ice-cold 4% PFA (Merck) in PBS for 10 min. Brains were postfixed in 4% PFA (4°C) for 90 min, then transferred to 20% sucrose (4°C). After incubation for 48 h, tissue was snap frozen in 200 ml of isopentane (2-methylbutane, Merck; Ϫ70°C, 3 min). Brains were stored at Ϫ70°C until use.
Immunohistochemical analysis was performed on free-floating, PFAfixed, 40-m-thick coronal sections using indirect peroxidase labeling, as described previously (Furtinger et al., 2001 ). The following antisera were used: rabbit anti-NPY antiserum (1:1000) (Bellmann et al., 1991) , rabbit anti-GFP antiserum (1:1000, Invitrogen), and rabbit anti-GFAP (1:5000, Dako). Coronal sections were incubated free floating in 10% normal goat serum (Biomedica) in Tris-HCl-buffered saline (TBS; 50 mM, pH 7.2) for 90 min, followed by incubation with primary antiserum (anti-GFP, Invitrogen; 1:1000 at 4°C for 48 -72 h; anti-NPY, 1:11,000). The resulting complex was visualized by incubation with horseradish peroxidase-coupled secondary antibody (1:250 P0448; Dako) at room temperature for 150 min. Sections were incubated in a solution of 0.03% 3,3Ј-diaminobenzidine tetrahydrochloride (Sigma) and 0.005% H 2 O 2 in TBS for 6 min. Sections were then mounted on slides, air dried, dehydrated, and then covered with a coverslip. After each incubation step (with the exception of preincubation with 10% normal goat serum), sections were washed three times for 5 min each with TBS. All buffers and antibody dilutions, except the buffer used for washing after peroxidase treatment and the diaminobenzidine reaction buffer, contained 0.4% Triton X-100. Normal goat serum (10%) was included in all buffers containing antibodies. In each experiment, sections without primary antibody were included as a control. No immunopositive elements were detected in control sections.
Histopathology. Histopathological validation was done on six mouse brains removed 2 and 28 d after rAAV-GFP/Cre injection into the BLA. The glial marker glial fibrillary acidic protein (GFAP) was analyzed by immunohistochemistry. Degenerating neurons were labeled with Fluoro-Jade C (Histo-Chem) in PFA-fixed, slide-mounted 30 m coronal brain sections, as described previously in detail (Schmued et al., 2005) .
Statistical analysis
Data are presented as means Ϯ SEM. Data were analyzed for normal distribution and equal variances using GraphPad Prism software (Prism 5 for Macintosh, GraphPad Software). Statistical analysis of behavior was done by Student's t test for data with normal distribution or Mann-Whitney test as a nonparametric test. Two-tailed Student's t test was used for evaluating changes in Y2 mRNA and receptor binding. For analyzing the effect of rAAV-Cre injection into the CEA on Y2 receptor density in CEA projection areas, a one-way ANOVA with Bonferroni post hoc test was used.
Results
Vector localization and extent of transgene expression
To optimize the conditions for injection and expression of Cre-GFP, we injected different volumes (0.2, 0.5, and 1.0 l) of rAAV-Cre bilaterally into the BLA of Y2 lox/lox mice. A volume of 1.0 l exhibited optimal site-restricted penetration of the vector. Cre mRNA expression was restricted to an area ϳ1.5 mm rostrocaudally and 1.0 mm dorsoventrally and mediolaterally (Fig. 1 A) . The shape of the area of Cre expression was not strictly spherical, but resembled the laminar structure of the target area. Thus, the medial and lateral parts of the external capsule limited vector diffusion. Expression of Cre mRNA appeared to be restricted to neurons, based on an analysis of photoemulsion-dipped sections (Fig. 1C) . We performed a time course analysis, and found that Cre mRNA and GFP immunoreactivity were already detectable 24 h and 2 d after injection, respectively, and there was a significant reduction of Y2 mRNA levels 7 d after injection. Maximal inhibition of Y2 receptor binding, however, lasted 3-4 weeks. Thus, behavioral tests were performed after 4 weeks.
To investigate possible nonspecific neuropathological effects of vector injection, we performed Nissl staining, Fluoro-Jade C labeling, and immunocytochemical analysis of GFAP to assess neuronal degeneration and astrocyte proliferation, respectively. Two and twenty-eight days after injection with rAAV-Cre or rAAV-GFP, we observed minimal neuronal damage (Fig. 1D ) and a slight increase in the number of GFAPimmunoreactive astrocytes along the needle tract (data not shown). The increase in GFAP-positive astrocytes was considerably less at the injection site, and did not differ from saline-injected mice (data not shown).
Localized decreases in Y2 receptor mRNA and protein following injection of rAAV-Cre
Vector preparations were injected into the CEA, BLA, MEA, or BNST of Y2 lox/lox mice, all of which are intimately involved in emotional processing (McDonald, 2003) . Littermates were injected with either rAAV-Cre or rAAV-GFP, and behavioral tests were performed 4 weeks after injection. After behavioral testing, mice were killed, and the site and extent of Cre and GFP expression was verified ( Fig. 2A) , as well as the inhibition of Y2 receptor mRNA expression and Y2 receptor binding (Fig. 2 B) . Only mice with strong, localized bilateral transgene expression were included in the analysis of the results of the behavioral testing.
As shown in Figure 2 , there was a marked reduction of Y2 mRNA expression at all sites of injection as compared to rAAV-GFP-injected littermates (BLA, 79.1 Ϯ 1.83% reduction, p Ͻ 0.0001; CEA, 84.0 Ϯ 2.33% reduction, p Ͻ 0.0001; MEA, 72.4 Ϯ 3.15% reduction, p Ͻ 0.0001; BNST, 83.2 Ϯ 4.26%, reduction, p Ͻ 0.0001) (Fig. 2C) . The specificity of gene deletion was confirmed by unaltered expression of mRNAs for the GABA B receptor (111.2 Ϯ 9.37% of control, p ϭ 0.43) and the ␣2 subunit of the GABA A receptor (95.8 Ϯ 4.98% of control, p ϭ 0.62) at the injection site (Fig. 2 B) . Y2 receptor density, as measured by binding of the Y2-selective ligand [
125 I] PYY 3-36 , was also significantly reduced in all injected brain areas, although to a lesser extent than Y2 mRNA expression (BLA, 36.5 Ϯ 5.52% reduction, p ϭ 0.0036; CEA, 34.5 Ϯ 7.63% reduction, p ϭ 0.0024; MEA, 34.9 Ϯ 4.77% reduction, p ϭ 0.0017; BNST, 10.9 Ϯ 2.43% reduction, p ϭ 0.009) (Fig. 2C) . Deletion of the Y2 gene in the CEA resulted in the concomitant loss of Y2 binding within the CEA (37.8 Ϯ 5.43) and a reduction in the number of Y2 binding sites in the stria terminalis/BNST (36.2 Ϯ 3.73), which indicated that Y2 receptors are located on fibers that arise from the CEA. PYY 3-36 at a concentration of 25 pM is a highly selective ligand for Y2 receptors with considerably lower affinity for Y5 receptors. To exclude a lack of selectivity of the ligand for Y2 receptors, we concomitantly investigated binding in germ-line Y2 receptor KO mice. [
125 I] PYY 3-36 binding was reduced to almost background level in Y2 KO mice (e.g., CEA: 95.98 Ϯ 2.79% reduction, p Ͻ 0.0001). The number of open arm entries increased after Y2 gene deletion in the CEA, and there was a similar trend after rAAV-Cre injection into the BLA. Similarly, the light/dark test revealed an anxiolytic effect of Y2 receptor gene deletion in the CEA and BLA, as indicated by a significant increase in the time spent in the light box and number of entries, and a decreased latency to enter the light compartment. The tail suspension test revealed an antidepressant effect (reduced time immobile) only after rAAV-Cre injection into the CEA. The lack of change in closed arm entries after rAAV-Cre injection into each brain site indicated that overall motor activity was not affected. Numbers of animals with validated bilateral site-restricted Cre mRNA or GFP mRNA expression were as follows (rAAV-Cre/rAAV-GFP): BLA, 10/15; CEA, 6/7; MEA, 8/12; BNST, 8/11. *p Ͻ 0.05, **p Ͻ 0.01, ***p Ͻ 0.001 as compared to the respective controls (Student's t test).
Y2 receptor deletion does not affect motor activity
The motor activity of injected mice was assessed using the open field test. Motor activity was not significantly different in mice injected with rAAV-Cre or rAAV-GFP at any site examined. The total distance that rAAV-Cre-injected mice traveled in 10 min was similar to that of rAAV-GFP-injected mice. After rAAV-Cre injection, the percentage difference in distance traveled as compared to rAAV-GFP mice was as follows: BLA, 108.7 Ϯ 10.20%, p ϭ 0.54; CEA, 99.6 Ϯ 8.00%, p ϭ 0.96; MEA, 112.2 Ϯ 8.37%, p ϭ 0.24; BNST, 106.4 Ϯ 6.02%, p ϭ 0.50. Elevated plus maze motor activity was not affected by injection of rAAV-Cre, as there was no significant change in closed arm entries following injection (BLA, p ϭ 0.68; CEA, p ϭ 0.86; MEA, p ϭ 0.41; and BNST, p ϭ 0.62) (Fig. 3) .
Effect of Y2 receptor gene deletion on anxiety-like behavior
To assess anxiety-like behavior, we used the elevated plus maze and the light/dark test. As shown in Figure 3 , according to both tests, anxiety-like behavior was reduced by Y2 receptor gene de- 
Effect of Y2 receptor gene deletion on depression-like behavior
To assess depression-like behavior, we examined the stress-coping ability of mice using the tail suspension test. As shown in Figure 3 , Y2 gene deletion in the CEA resulted in a significant reduction in time spent immobile (by 31% as compared to controls, p ϭ 0.01), which indicated reduced depression-like behavior, but injection into the BLA ( p ϭ 0.68), MEA ( p ϭ 0.47), or BNST ( p ϭ 0.96) had no effect. Furthermore, the reduction in depression-like behavior after deletion of the Y2 gene in the CEA was confirmed in the novelty-suppressed feeding test. The latency to feed was significantly reduced ( p ϭ 0.04) after injection of rAAV-Cre into the CEA (mean Ϯ SEM; 166.0 Ϯ 28.65 s) compared with rAAV-GFP-injected mice (252.0 Ϯ 24.11 s).
Evaluation of Y2 receptor binding in terminal areas of the amygdala
The predominantly presynaptic Y2 receptors may not only be present on local amygdala neurons, but also on axon terminals of projection neurons arising from the CEA. To investigate this, we determined by receptor autoradiography the Y2 receptor density in projection areas of the CEA after injection of rAAV-Cre into the CEA. In addition to the reduction of Y2 receptor binding in the central amygdala, we observed a significant reduction of Y2 receptor binding in the stria terminalis/BNST, the nucleus accumbens shell, and the locus ceruleus (Table 1, Fig. 4 ). In the nucleus accumbens core (ncl.) and the lateral septal nucleus, there was a tendency for a reduction in Y2 sites, whereas they were unchanged in the hippocampus and the lateral hypothalamus (Table 1 ). 
Distribution of NPY and Y2 receptors in the amygdala
In agreement with previous reports, NPY immunoreactivity and mRNA expression were widely distributed within amygdaloid nuclei, most notably in the BLA and CEA (Fig. 5) . Expression of NPY and Y2 receptors appeared to be slightly higher in the medial extension than in the lateral extension of the CEA (Fig. 5A-D) . Similarly, Y2 receptor binding and Y2 mRNA expression were detected throughout amygdaloid nuclei. Y2 receptor binding was particularly dense in the stria terminalis (Fig. 5E ), which also contained dense NPY-positive fibers (Fig. 5F ).
Discussion
The results of the current study pinpoint specific nuclei of the amygdala complex (CEA and BLA) as crucial sites of NPY/Y2 receptor-mediated integration of anxiety and depression, supporting and extending the evidence for a substantial role of NPY in anxiety and depression. The use of stereotactic microinjection of rAAV-Cre into the brains of conditional Y2 knock-out mice allowed the site-selective introduction of a selective deletion of the NPY-Y2 receptor gene in adult animals. This procedure was minimally invasive, long-lasting, and circumvented possible adaptive mechanisms that could arise during embryonic or postnatal development (Holmes, 2001) . The loss in Y2 receptor binding was consistently less pronounced than the reduction in Y2 receptor mRNA levels in the injected brain area, which indicates that Y2 receptors located presynaptically on afferent nerve terminals were spared (Colmers et al., 1991) . Y2 receptor mRNA is expressed at high levels in the CEA and MEA, and to a lesser extent in the BLA (Fig. 5) . However, the cell types that express Y2 receptors in the different amygdaloid nuclei are not precisely known. NPY-immunoreactive fibers are abundant throughout the amygdala (Gustafson et al., 1986) , and colocalize with Y2 receptors (Colmers et al., 1991; Chen and van den Pol, 1996; Caberlotto et al., 2000; Kash and Winder, 2006; Stanić et al., 2006) . Deletion of Y2 receptors may therefore result in a loss of presynaptic inhibition of GABA and NPY release from a subpopulation of GABA neurons that also contain NPY and Y2 receptors (McDonald, 1989; McDonald and Pearson, 1989) . The resulting increase in NPY and GABA release may lead to augmented stimulation of postsynaptic Y1 and GABA A receptors, both of which are associated with reduced anxiety Heilig, 1995; Karlsson et al., 2008) . In the CEA or BLA, these changes may take place at the level of local circuitry neurons. Interneurons that coexpress GABA and NPY are present in the BLA and the CEA (McDonald, 1989; McDonald and Pearson, 1989) . In the CEA, they are located primarily in the lateral part, and from there connect to the medial CEA (see schematic in Fig.  5G ). Deletion of Y2 receptors in these neurons may cause increased GABA/NPY-ergic transmission (by alleviating the inhibition of transmitter release), and subsequent anxiolytic effects. In contrast, local injection of the Y2 agonist NPY 13-36 into the Figure 5 . A-F, Anatomical distribution of NPY and Y2 receptors and mRNA in the BLA and CEA. NPY and Y2 mRNA and protein were widely distributed within different amygdaloid nuclei. A dense NPY-(E) and Y2-receptor-(F) containing fiber tract arising from the CEA contributes to the stria terminalis (st). In G, a schematic drawing of the proposed Y2-containing projections is shown. Proposed sites of anxiolytic action of the Y2 deletion are the terminals of GABA/NPY interneurons in the BLA and the CEA, which project from the lateral part of the CEA (CEAl) to its medial extension (CEAm). Importantly, deletion of the Y2 receptor gene in the CEA causes deletion of Y2 receptors in the terminals of its projections, e.g., in the ncl. accumbens, stria terminalis/BNST, and locus ceruleus, where subsequent anxiolytic/antidepressant effects might be integrated. Glutamatergic projections are shown in black, GABAergic in red. Scale bars: B (for A-D) , E, 500 m; F, 100 m.
